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Description 


The present invention relates to a process of generating a spray for subsequent ocular treatment to 
formulations useful in such a process and to apparatus suitable for applying such formulations 
5 Opthalmic solutions having a viscosity of between 1 and 25 centipoises at 25°C are described in 
US — A — 4 390 542. 

Electrostatic spraying apparatus for continuous spraying are described in GB— A— 1 569 707 for the 
continuous spraying of pesticides, and in EP-A-0 150 571 for the continuous spraying of paint' 

A conventional method of ocular administration of a pharmacologically active substance comprises 
w the use of eye drops. This is generally known to have low patient acceptability, especially in the young The 
administration of a large drop of liquid to the eye initiates a blink reflex which can cause substantial 
wastage of an applied active substance by drainage either through the tear ducts or on the skin surface 
Indeed it has been reported that if a 30—50 pi drop is applied to the eye the actual volume that reaches the 
target is 5—7 ul. Therefore, in addition to the low patient acceptability, there is a 4—10 fold wastage This 
75 leads to an inefficiency in the use of expensive ingredients and, in addition, the administrator has little 
control, and is uncertain, over the amount of ingredient applied to the target. 

Another conventional method of ocular administration of an active ingredient comprises the use of an 
ointment. This similarly has been found to have low patient acceptability and substantial wastage of active 
ingredient can result. 

20 The present invention provides a solution to these problems of the art by providing accurate 
dispensing of a low volume of a pharmacologically active substance to the eye. This is achieved by a 
process which involves electrodynamic spraying of a suitable formulation by raising the formulation to a 
high potential in the spray nozzle to cause the formulation to atomise as a spray of electrically charged 
droplets. Such electrically charged droplets seek the closest earthed object to discharge their electric 

25 charge, and this can be arranged to be the target area of the eyeball, more particularly the cornea This 
process provides a particularly even, accurately targetted, coating of the eye with the formulation 

Accordingly, the present invention provides a method of generating a spray of electrically charged 
droplets of a formulation comprising an opththalmically active substance and an ophthalmically acceptable 
diluent for subsequent administration to the eye, the formulation having a viscosity in the range 10 -3 to 1 0 

so Pa.s (at 25°C) and a resistivity in the range 10 4 to 10 12 ohm cm (at 25°C), and the formulation being supplied 
to a spray nozzle wherein a sufficiently large electrical potential, relative to earth, is applied to the 
formulation from a high voltage generator, that a sufficient electrical gradient is provided at the nozzle to 
atomise the formulation as a spray of electrically charged droplets. 

The method of the invention may be carried out in a unit dose mode, by charging the nozzle with a unit 

35 dose from an external source each time it is used, or in a multi-dose mode, in which case a reservoir of the 
formulation supplies a unit dose automatically to the spray nozzle each time the method is carried out 

In another aspect the present invention provides a liquid solution formulation comprising an 
ophthalmically active substance and an ophthalmically acceptable diluent which comprises 50% to 100% 
by weight of an ophthalmically acceptable organic diluent, and from 0% to 50% by weight of water and 

40 has a viscosity in the range 10" 3 to 1.0 Pa.s at 25°C and a resistivity in the range 10* to 10 12 ohm cm at 25°C. 
A suitable such diluent may be a mixture of two or more liquid components. 
The ophthalmically active substances encompassed by this invention are any compounds having a 
pharmacological effect on and/or in the eye. Typical of such compounds are chemotherapeutic agents, 
compounds to aid ocular examination and compounds to aid surgery: for example 

45 (a) anti-inflammatory agents, such as prednisolone and other cortocosteroids; 

(b) antimicrobial drugs, such as antibiotics, antiseptics, antivirals, fungicides and sulphonamides, for 
example chloramphenicol, sulphacetamide, gentamycin, nystatin, acyclovir and idoxuridine; 

(c) autonomic drugs, such as p-adrenoceptor antagonists, cycioplegics, miotics, mydriatics and 
vasoconstrictors, for example, timolol, atenolol, pilocarpine, atropine, tropicamide, hyoscine, ephedrine 

so phenylephrine, carbachol, guanethidine and adrenaline; 

(d) local anaesthetics, such as lignocaine or oxybuprocaine; 

(e) diagnostics, such as fluorscein; 

(f) drugs to assist healing of corneal abrasions, such as urogastrone and epidermal growth factor 
(EGF); 

55 (g) drugs of use in diabetic retinopathy, such as aldose reductase inhibitors, for example sorbinil and 3- 
(4-bromo-2-fIuorobenzyl)-4-oxo-3/y-phthalazin-1-ylacetic acid; 

of which (c) is the most important group, and (f) and (g) are also particularly important. 
As hereinbefore discussed, conventional methods of ocular administration lead to wastage of . 
ingredient for example by drainage through the naso-lachrymal duct into the throat, and subsequent 
60 ingestion into the gasto-intestinal tract, whence it can be absorbed systemically, and exert undesired side- 
effects. For example it is well documented in the literature that p-adrenoceptor antagonists administered as 
eye-drops can exert a significant cardiovascular effect, as a result of such ingestion into the gastro- 
intestinal tract. 


65 


The present invention enables accurate targetting of a fine spray of electrically charged particles of the 
formulation to dose the required amount, thereby substantially eliminating, unwanted side-effects. 
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The formulation may not be predominantly aqueous as it has been found that aqueous formulations 
do not undergo electrodynamic spraying satisfactorily due to their high conductivity. Preferably, the 
amount of water, if any is present, comprises not more than about 20% by weight of the total diluent, and 
preferably less than 10% by weight. 
5 Certain diluents have viscosity and resistivity properties such that they may be used alone as the sole 
solvent component in the formulation. Such solvents are, for example, dimethylisosorbide, glycerol, 
propylene glycol, polyethylene glycol of average molecular weight up to about 600, maize oil and arachis 
oil. 

Certain other solvents or diluents are appropriate for use in the formulation as one of two or more 
>0 diluent components. Formulations containing high proportions, more than 50%, of water, are as previously 
stated, generally unsuitable for electrodynamic spraying due to their high conductivity. Some solvents, for 
example surfactants such as polyethoxyethylated castor oils ("Cremophors"), polyoxyethylene- 
polyoxypropylene block copolymers (Pluronics", "Synperonjcs"), polyoxyethylene sorbitan derivatives 
("Tweens"), polyoxyethylene oleyl ethers ("Brijs"), castor oil and olive oil, may be irritant to the eye when 
15 used alone, but can be used satisfactorily in admixture with, for example, dimethylisosorbide, to give a 
formulation of suitable resistivity. 

Viscosity can be adjusted to within the required range by the addition of viscolysers, for example 
hydroxypropylcellulose, hydroxypropytmethylcellulose, methylcellulose, polyvinyl alcohol or 
polyvinylpyrrolidone. 

20 The formulation also preferably contains a preservative, such as benzalkonium chloride, benzyl 
alcohol, chlorbutol, disodium edetate, p-hydroxybenzoates orthiomersai, since certain of the diluents used 
are good substrates for bacterial growth. 

In order to bring the resistivity of the formulation into the range 10 4 to 10 12 ohm cm, if necessary, a 
resistivity modifier may be present. This is generally a charged species such as a salt, for example sodium 

25 chloride or a salt conventionally used in pharmacologically acceptable buffers, for example sodium 
acetate, disodium hydrogen phosphate or sodium dihydrogen phosphate. When the major diluent is not 
itself a surfactant, the formulation may optionally contain a small amount of one or the above-mentioned 
surfactants to aid the flow characteristics. 

Specific diluents and solvent systems which are sprayable from the apparatus of the invention are as 

30 follows:— 



Diluent 

Viscosity 
PaS 

Resistivity 
ohm cm 

35 

Glycerol 

.950 

3.4 x!0 7 


Propylene glycol 

.045 

2.7 x10 7 

40 

Polyethylene glycol 400 

.090 

1.8x10 6 

Dimethyl isosorbide 

.008 

6.4 X10 8 


Maize oil 

.063 

7.5X10 10 

45 

Glycerol :water {9:1) 

.197 

2.2x10 6 


Dimethylisosorbide:water (9:1) 

.008 

4.1X10 6 

50 

Dimethylisosorbide:glycerol:water 
(4.5:4.5:1) 

.064 

6.4X10 6 


DimethyMsosorbide:water (9:1) 
+4% w/w hydroxypropyl cellulose 

.528 

5.3x10 s 

55 

Dimethylisosorbide:Synperonic NP8 (9:1) 

.010 

1.1X10 7 


Dimethylisosorbide:Tween 80 (9:1) 

.011 

4.0x10 7 


Dimethylisosorbide:Maize oil (9:1) 

.018 

2.5 x10 s 


60 


* Viscosity was measured with a Rotovisco model RV12— Haake Mess-Technik GmbH, West Germany, 

* Resistivity was measured with a Solid State Electrometer model 602 — Kiethley Instruments, Cleveland 
Ohio. 
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Suitably the active ingredient is in the formulation in a concentration range of 0.1 to 20%, and 
preferably 5 to 10%, but the required concentration depends, naturally, upon the potency of the particular 
drug being used. 

The formulation is generally provided as a liquid for direct use, but it is possible that it is constituted 
5 shortly before use. Thus in another aspect the present invention provides two-part package comprising 
active ingredient in the first part, generally as a concentrated solution, and a suitable diluent or co-solvent 
in the second part. In use, the two parts are fed into a mixing chamber in the spraying apparatus, before 
being fed to the nozzle or spray head. 

British specification 1569707 discloses an electro-static spraying apparatus which comprises a spray 
w nozzle charge to a potential of 1—20 KV from a high voltage generator, a reservoir for supplying liquid to 
the nozzle and an earthed field intensifying electrode disposed around the nozzle. The high potential 
produced between the spray nozzle and the electrode is sufficient to draw the liquid away from the nozzle 
towards the electrode as one or more ligaments of electrically charged liquid. At a certain distance from the 
nozzle surface the ligament or ligaments break up to form a divergent spray of electrically charged droplets. 
is The ligament length depends on the applied field strength and the characteristics of the liquid. 

The apparatus described in the above mentioned specification includes hand-held devices as well as 
tractor and aircraft mounted devices. The apparatus is described as being readily used for many purposes 
wherein atomisation and deposition, or atomisation alone, are required. 

In a preferred aspect of the present invention apparatus is provided that sprays a metered dose of low 
20 volume for example 20 pi or below, more suitably 10 pi or below and preferably about 5 pi. 

Accordingly, the present invention provides electrodynamic spraying apparatus, for dispensing a 
liquid solution formulation as defined in Claim 1, which comprises at least one spray nozzle, means for 
applying a potential difference between said spray nozzle and an electrode spaced from said spray nozzle 
so that an electrical field of sufficient strength is provided at the outlet of the spray nozzle to draw the 
25 formulation away from said outlet as one or more ligaments, characterised in that the apparatus 
comprises: 

(i) at least one spray nozzle having an outlet of sufficiently small cross section to be capable of retaining 
therein up to 20 pi of the formulation by surface tension; and 

(ii) means to supply separate accurately metered small doses of up to 20 pi of the formulation to the 
30 said nozzle. 

To obtain a ligament forming field a large potential difference has to be established between the 
dispensing member element and the electrode. For simplicity and ease of description it will be assumed 
that the electrode is at earth potential and references hereinafter to "earth" refer to the potential of the 
electrode and a voltage refers to a potential relative to that of the electrode. It will be appreciated that the 

35 electrode need not in fact be at a positive or negative potential relative to true earth. The voltage at the 
dispensing member may be negative or, preferably, positive relative to the electrode. 

Conveniently the electrode is a field intensifying electrode. Field intensifying electrodes and their use 
are described in British Specification 1569707. As stated therein the field intensifying electrode acts as a 
''dummy' target and, as it can be in a fixed position relative to the position or positions from which 

40 ligaments of liquid are capable of being formed, the field around the ligament forming positions is constant 
for a given voltage giving rise to results of greater uniformity. Furthermore as the "dummy' target is nearer 
the dispensing member element than the article being sprayed a higherfield strength is created than would 
otherwise be the case, enabling a lower voltage to be used. This obviates the need for generating voltages 
of the order of 60 — 100 KV as in other forms of electrostatic spraying. 

45 The field intensifying electrode is generally situated as close as possible to the position or positions 
from which ligaments are formed on the dispensing member element. Either one field intensifying 
electrode or a plurality of field of intensifying electrodes can be provided depending on the configuration of 
the dispensing member and where it is desired to create the electrical field of sufficient magnitude to form 
the ligaments. 

50 The, Or each, field intensifying electrode is suitably positioned in front of, or level with, the part of the 
dispensing member element from which ligament formation occurs. The, or each, field intensifying 
electrode is optionally sheathed with an insulating material, thereby allowing the electrode to be 
positioned nearer to the spray nozzle resulting in a stronger field effect in the region of the dispensing 
member element. Optionally the, or each, field intensifying electrode is adjustably mounted to enable a 

55 variation of distance between said electrode and the dispensing member element thereby altering the 
spray characteristics as desired. 

Suitably the apparatus is provided with a metered valve or a syringe-pump, such as those used for 
multi-dose administration of insulin, to control the passage of the liquid formulation from a reservoir to the 
spray nozzle. In an alternative aspect accurately measured low volumes can be supplied to the apparatus 

60 by placing the spray nozzle in the liquid formulation and drawing in the required amount by means of 
pipette action, for example using a piston in a syringe. Pipette action can also be used to urge the 
formulation from the apparatus when in use. 

In a preferred aspect of this invention we have found that the best spraying results are achieved using a 
modification of previous apparatus wherein the spray nozzle is demountable from the apparatus. In use the 

65 required dose of formulation is supplied in a spray nozzle which is then located on the spraying apparatus 
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in any convenient manner such as by screwing or by friction-fit on an appropriate receiving member. In this 
way the low volume of formulation is conveniently measured, in any conventional manner, prior to use. 

Suitably the apparatus is provided with means to keep the flow rate sufficiently low so that atomisation 
of the small volume of formulation has time to take effect. The means for supplying the formulation to be 

5 sprayed to the nozzle tip will generally comprise a piston which, in use, will drive a column of air through a 
tube to the nozzle thus causing the formulation therein to flow, and as a potential is applied, to atomise. 
Optionally in such an arrangement there is damping means in the tube to aid control of the flow rate of the 
column of air, for example, a viscous liquid slug. 

In an alternative the flow rate of the air column can be controlled by means of a metered pump or 

10 valve. Conveniently the means for supplying liquid to the spray nozzle tip, for example a metered pump or 
valve or a piston, is manually or electrically operated by a push-button or trigger which simultaneously 
activates the high voltage generator that supplies high voltage to atomise the formulation. A suitable 
metered pump is one of the type used for administering successive doses of insulin from a multi-dose 
device, as supplied by Muirhead Vactric Components Ltd. of Beckenham, Kent. 

' 5 Generally the apparatus useful in this invention is hand-held and comprises one or two spray nozzles 
depending on whether it is desired to treat eyes separately or concurrently. Conveniently the high voltage 
required to effect atomisation of the formulation is provided by a battery-powered high voltage generator 
contained in hand held apparatus. In another convenient aspect the voltage may be provided by a piezo- 
electric generator. The battery or batteries for- such a generator is/are also conveniently located in the 

20 apparatus which is suitably dimensioned for hand-held usage. In an alternative the high voltage can be 
generated in a remote pack and supplied by high tension lines to a hand-held spraying apparatus. 

The nozzle configuration is determined by the requirement that the formulation does not flow or drip 
therefrom in the absence of an applied high potential and in the absence of a contacting surface. The 
configuration is not critical and may, for example, have edges defining an orifice of rectangular, elliptical or 

25 circular cross-section. 

The nozzle configuration can effect the volumetric flow of liquid through, and from, said nozzle as the 
potential is applied and hence the volumetric spraying rate. As previously mentioned the nozzle may be 
mountable and demountable from the spraying apparatus so that the flow rate can be varied by using 
nozzles of various configurations. 

30 Suitably the electrical field of sufficient strength to atomise the formulation as a spray is provided by a 
means for electrically charging the spray nozzle to a potential of the order of 1 — 20 kV and having a field 
adjusting electrode, at earth potential, mounted adjacent to the spray nozzle. Field adjusting electrodes are 
described in USP 4476515. The field adjusting electrode can be separated from the nozzle by means of an 
air-gap, for example of about 2 cm, or preferably by means of an insulating material. If the field adjusting 

35 electrode is adjustably mounted then the distance between said electrode and the nozzle can be varied thus 
affecting the electrical field on the liquid and altering the spray droplet size and angle of spray. 

An embodiment of the invention in unit dose form is now described, by way of example only, with 
reference to the accompanying drawing. Figure 1, which is a schematic view illustrating the principal 
components of one form of the apparatus. 

40 Referring to Figure 1 there is a body member 1 sized so as to be capable of being hand held. On one 
wall of the body member 1 there is mounted a conical receiving member 2 that tapers to an end 3. Centrally 
positioned in the end 3 of the member 2 is the outlet of a tube 4, circular in cross-section, that extends 
centrally through the conical member 2, through the body member 1 and has an inlet 5 in another wall of 
said member 1. The tube 4 is of substantially uniform cross-section and has a 90° bend therein at region 6. 

45 At the tube inlet 5 there is a piston 7 sized so as to form a friction fit. The piston 7 operates against a spring 
8. In the tube 55, at the region 6, there is provided damping means 9 in the form of a viscous liquid slug. 

Disposed about 2 cm distance from the end 3 of the conical member 2 is a field adjusting electrode in 
the form of a ring 10. This ring 10 is spaced from the body member 1 by means of a cylindrical collar 11. 
The body member 1 contains therein a battery powered high voltage generator 12 that is connected by 

50 electrical switching means (not shown} to the piston 7. From the generator 12 extends a lead 13 that is 
embedded in the conical receiving member 2 and exits therefrom in the region of the end 3, to provide a 
protruding portion 14. 

In addition there is provided a demountable hollow spray nozzle 15 of generally conical shape. The 
nozzle 15 is sufficiently resilient to be able to form a friction-fit on to the extended surface of the conical 

55 receiving member 2. To facilitate the urging of the nozzle 15 on to the member 2 an annular flange 16 is 
provided on said nozzle. The hollow centre of the nozzle is of conical configuration and there is a small 
aperture 17 at the tip of said nozzle. The aperture 17 is sufficiently sized so that formulation is held within 
the nozzle by surface tension and other effects. 

A metered dose of a formulation 18 is provided within the demountable nozzle 15. 

eo In use the piston 7 is depressed against the spring 8. This causes a current of air to move through the 
tube 4, the slug 9 acting as a damping control on the passage of air. The current of air passes into the 
hollow spray nozzle 15 and urges the formulation 18 through the aperture 17 of the tip of said nozzle in the 
direction of a target eye. At the same time the piston 7 activates the high voltage generator (by means not 
shown) which in turn causes a high voltage of the order of 16 kV to pass through lead 13 which in portion 14 

65 thereof is in contact with the formulation 18. Thus the formulation 18 is raised to a high potential. The ring 
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field adjusting electrode 10 is at earth potential. Thus as a result of the urging of the current of air and the 
high potential difference the formulation is atomised as a spray of electrically charged droplets to give a 
particularly even targetted coating of the target eye. 

An alternative embodiment of the invention, in multi-dose form, will now be described, by way of 
example only with reference to Figure 2 of the accompanying drawings, which is a schematic view of the 
principal components of this multi-dose form of the apparatus. 

As in the unit-dose form of apparatus described above there is a body member 30 sized so as to be 
capable of being hand held. On one wall of the body member 30 there is mounted a conical nozzle 31 that 
tapers to an end 32. Centrally positioned in the end 32 of the nozzle 31 is the outlet of a tube 33, of uniform, 
circular cross section, that extends centrally through the conical nozzle 31 to a syringe, 34 forming part of a 
syringe pump 40 accommodated within the body member 30. Disposed about 2 cm distant from the end 32 
of the conical nozzle 31 is a field adjusting electrode in the form of a ring 35, spaced from the body member 
30 by a cylindrical collar 36. The body member 30 additionally accommodates a battery powdered high 
voltage generator 37, from which extends a lead 38 that is embedded in the conical nozzle 31, and exits 
therefrom into the tube 33 near its end 32 to provide a protruding portion 39. 

Alternatively, the lead 38 can be adapted to make contact with the liquid being dispensed at any point 
of the syringe 34 or the tube 33. 

The syringe-pump 40, of the type supplied by Muirhead Vactric Components Ltd. of Beckenham, Kent, 
for adminstering successive doses of insulin from a reservoir syringe, comprises a mini-pump 41 which 
drives the plunger 42 of a replaceable syring 34, to dispense an accurately metered amount of the syringe 
contents through the outlet 32 of the conical nozzle 31 whenever the syringe pump 40 is activated, by 
activating means, shown here as a press button, 43. 

In use, the syringe 34 contains a formulation of an ophthalmically active substance according to the 
invention. Operation of the activating means 43 causes an accurately metered quantity of the formulation, 
of the order of 5 ul, to pass out through the end 32 of the conical nozzle 31 . At the same time, the operation 
of the actuating means 43 switches on the high voltage generator 37 to supply a high voltage via the lead 38 
to the protruding portion thereof 39. thus applying a high electrical potential to the formulation being 
discharged from the end 39 of the conical nozzle 31. 


Ephedrine (350 ug) was formulated as a 10% solution (3.5 |il) in a mixture of dimethyl isosorbiderwater 
(9:1) which also contained hydroxypropyl cellulose (4% wt/wt). 

This formulation was sprayed, from the apparatus described hereinbefore in the specific embodiment, 
on to one eye of each of six male New Zealand white rabbits. The other eye remained untreated to act as a 
control allowing compensation for changing environmental factors to be included in the calculation of the 
results. 

Mydriasis resulting from the topical application of the formulation to the eye was recorded on 
photographic film using a camera and optical system as depicted in Figure 2. The pupil diameters were 
measured from the projected images of the processed film using engineer's calipers. 

The mydriatic response of the treated eye to ephedrine was calculated as follows: 


T e and C Q are the pretreatment pupil diameters of the test and control eyes respectively, and T t and C, 
are the pupil diameters of the test and control eyes respectively at time(t). 

The mean differences (with standard error bars) in percentage change between the test and control 
eyes for each time point are depicted graphically in Figure 4. This shows that there is significant magnitude 
and duration of mydriatic response to the ephedrine formulation when applied at considerably lower 
volume than with conventional methods of treatment. 


The experimental procedure described in Example 1 was repeated, but administering to the eye 3.5 pi 
of a 4% w/w solution of pilocarpine in dimethylisosorbiderwater (95:5 w/w) containing 3% of 
hydroxypropyl cellulose as a viscolizer, and measuring the miotic effect produced. 

The miotic response of the treated eye to pilocarpine at each time point was calculated as follows: — 


Example 1 



x100 -% increase in pupil diameter at time(t). 


where: 


Example 2 


% decrease in pupil diameter at time t= 



X100 


where T 0 and C 0 are the pretreatment pupil diameters of the test and control eyes respectively, and T, and C, 
are the pupil diameters of the test and control eyes respectively at time t. 

The mean differences (with standard error bars) in percentage change between the test and control 


EP 0 224 352 B1 


eyes at each time point are depicted graphically in Figure 5. This shows that there is significant magnitude 
and duration of miotic response to pilocarpine formulation when applied at considerably lower volume 
than with conventional methods of treatment. 

5 Claims 

1. A method of generating a spray of electrically charged droplets of a formulation comprising an 
ophthalmologically active substance and an ophthalmologically acceptable diluent, for subsequent 
administration to the eye, the formulation having a viscosity in the range 10~ 3 to 1.0 Pa.s (at 25°C) and a 

JO resistivity in the range 10 4 to 10 12 ohm cm (at 25°C), and the formulation being supplied to a spray nozzle 
wherein a sufficiently large electrical potential, relative to earth, is applied to the formulation from a high 
voltage generator, that sufficient electrical gradient is provided at the nozzle to atomise the formulation as a 
spray of electrically charged droplets. 

2. A method as claimed in Claim 1 wherein the nozzle is charged with a unit dose of the formulation 
is from an external source for each use. 

3. A method as claimed in Claim 1 wherein a unit dose of the formulation is supplied to the nozzle 
automatically from a reservoir. 

4. A liquid solution formulation, for use in the method claimed in Claim 1, comprising an 
ophthalmically active substance and an ophthalmically acceptable diluent which comprises 50% to 100% 

20 by weight of an ophthalmically acceptable diluent and from 0% to 50% by weight of water, and has a 
viscosity in the range 10~ 3 to 1.0 Pa.s at 25°C and a resistivity in the range 10* to 10 12 ohm.cm at 25°C. 

5. A formulation as claimed in Claim 4 in which the ophthalmically active substance is a 
chemotherapeutical agent, a compound to aid ocular examination or a compound to aid surgery. 

6. A formulation as claimed in Claim 5 wherein the opthalmically active substance is selected from: — 
25 (a) anti-inflammatory agents, such as prednisolone and other corticosteroids; 

(b) antimicrobial drugs, such as antibiotics, antiseptics, antivirals, fungicides and sulphonamides, for 
example chloramphenicol, sulphacetamide, gentamycin, nystatin, acyclovir and idoxuridine; 

(c) automomic drugs, such as p-adrenoceptor antagonists, cycloplegics, miotics, mydriatics and 
vascoconstrictors, for example timolol, atenolol, piP ocarpine, atropine, tropicamide, hyoscine, ephedrine, 

30 phenylephrine, carbachol, guanethidine and adrenaline; 

(d) local anaesthetics, such as lignocaine or oxybuprocaine; 

(e) diagnostics, such as fluorscein; 

(f) drugs to assist healing of corneal abrasions, such as urogastrone and epidermal growth factor 
(EGF); 

35 (g) drugs of use in diabetic retinopathy, such as aldose reductase inhibitors, for example sorbinil and 3- 
(4-bromo-2-fluorobenzyl)-4-oxo-3A/-phthalazin-1-ylacetic acid. 

7. A formulation as claimed in Claim 6, in which the amount of water, if any is present, comprises not 
more than 20% by weight of the total diluent. 

8. A formulation as claimed in Claim 4 wherein the ophthalmically active organic diluent is selected 
40 from dimethylisosorbide, glycerol, propylene glycol, polyethylene glycol of average molecular weight up 

to 600, maize oil and arachis oil, optionally in combination with polyethoxyethylated castor oils, 
polyoxyethylene-polyoxypropylene block copolymers, polyoxyethylene sorbitan derivatives, 
poloxyethylene oleyl ethers, castor oil or olive oil. 

9. Electrodynamic spraying apparatus, for dispensing a liquid solution formulation as defined in Claim 
45 1, which comprises at least one spray nozzle (15, 31), means (12, 37) for applying a potential difference 

between said spray nozzle (15, 31) and an electrode (10, 35) spaced from said spray nozzle (15, 31), so that 
an electrical field of sufficient strength is provided at the outlet (17, 32) of the spray nozzle (1 5, 31 ) to draw 
the formulation away from said outlet (17, 32) as one or more ligaments, characterised in that the apparatus 
comprises: 

so (i) at least one spray nozzle (15, 31 ) having an outlet of sufficiently small cross section to be capable of 

retaining therein up to 20 ul of the formulation by surface tension; and 

(ii) means (15, 40) to supply separate metered small doses of up to 20 pi of the formulation to the said 
nozzle (15, 31). 

10. Apparatus as claimed in Claim 9 wherein the measured volume of the formulation is supplied to the 
55 nozzle (15, 31) by a metered valve. 

11. Apparatus as claimed in Claim 9 wherein the measured volume of the formula is supplied by a 
syringe-pump (40). 

12. Apparatus as claimed in Claim 9 wherein the measured volume of the formula is supplied by 
drawing into the nozzle (15, 31) the required amount from an external source by means of pipette action. 

eo 13. Apparatus as claimed in Claim 9 wherein the measured volume of the formulation is contained in a 

demountable spray nozzle (1 5) which is locatable on an appropriate receiving member (2) in the apparatus. 

14. Apparatus as claimed in any of Claims 9 to 13 wherein the means for causing the liquid to flow 
through the spray nozzle tip (15, 31) simultaneously activates the high voltage generator (12, 37) of the 
electrodynamic spraying apparatus which supplies high voltage to atomise the formulation. 

65 15. Apparatus as claimed in any one of Claims 9 to 14 in which batteries for the high voltage generator 
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are located in the apparatus, which is suitably dimensioned for hand-held usage. 

1 6. Apparatus as claimed in any one of Claims 9 to 1 5 which is capable of electrically charging the spray 
nozzle to a potential of between 1 to 20 kV and which has a field adjusting electrode (10, 35) at earth 
potential mounted adjacent to the spray nozzle {15, 31). 

17. Apparatus as claimed in Claim 9 comprising: 

a body member (1 ), sized so as to be capable of being hand held, with a conical receiving member (2) in 
one wall thereof, the end (3) of which is the outlet of a tube (4) extending centrally through the conical 
member (2), through the body member (1 ), and having an inlet (5) in another wall of said body member (1 ) 
the inlet (5) accommodating a piston (7), the body member (1) also supporting a field adjusting electrode 
(10) surrounding the end (3) of the receiving meber (2); the body member also accommodating a high 
voltage generator (12), from which a lead (13) extends outwardly from the aperture in the end of the 
receiving member (2), and which is adapted to supply a high voltage to the lead (13) when the piston (7) is 
actuated; 

and a demountable hollow spray nozzle (15) of generally conical shape, adapted to cooperate with the 
receiving member (2), and which has a small aperture (17) at the tip capable of holding up to 20 ul of a 
liquid solution formulation, as claimed in Claim (4), by surface tension. 

18. Apparatus as claimed in Claim 9, comprising: 

a body member (30), sized so as to be capable of being hand held, provided with a nozzle (31) in the 
wall thereof, the end (32) of which is the outlet of a tube (33) extending centrally through the nozzle (31 ) and 
through the body member (30) to a syringe (34) forming part of a syringe pump (40) of known type, 
comprising the syringe (34) and a mini-pump (41), the operation of which also activates a high voltage 
generator (37), accommodated within the body member (30), from which a lead (38) extends to the 
aperture (39) of the nozzle (32); the said body member (30) also support a field adjusting electrode in the 
form of a ring (35) surrounding the end (32) of the nozzle (31). 

Patentanspruche 


1. Verfahren zur Erzeugung eines Sprays aus elektrisch geladenen Tropfchen aus einer Formulierung, 
die eine ophthalmologisch aktive Substanz und ein ophthalmologisch zulassiges Verdunnungsmittel 

30 enthalt, zur Verarbreichung an das Auge, wobei die Formulierung eine Viskositat im Bereich von 10~ 3 bis 
1,0 Pa s (bei 25°C) und einen spezifischen Widerstand im Bereich von 10 4 bis 10 12 Ohm cm [bei 25°C) 
aufweist und die Formulierung einer Spriihduse zugefuhrt wird, in welcher ein ausreichend groBes 
elektnsches Potential relativ zur Erde an die Formulierung aus einem Hochspannungsgenerator angelegt 
wird, dalS ein ausreichender elektrischer Gradient an der Spruhdiise geschaffen wird, urn die Formulierung 

35 als Spray aus elektrisch geladenen Teilchen zu atomisieren. 

2. Verfahren nach Anspruch 1, bei welchem die Spruhdiise mit einer Einheitsdosts der Formulierung 
von einer auSeren Quelle fur jeden Gebrauch beschickt wird. 

3. Verfahren nach Anspruch 1, bei welchem eine Einheitsdosis der Formulierung der Spruhdiise 
automatisch von einem Reservoir zugefuhrt wird. 

<to 4. Flussige Losungsformulierung fur die Verwendung beim Verfahren nach Anspruch 1, welche eine 
opththalmisch aktive Substanz und ein ophthalmisch aktives Verdunnungsmittel enthalt, das aus 50—100 
Gew.-% eines ophthalmisch zulassigen Verdiinnungsmittels und aus 0 bis 50 Gew.-% Wasser besteht, und 
welche eine Viskositat im Bereich von 10" 3 bis 1,0 Pa s bei 25°C und einen spezifischen Widerstand im 
Bereich von 10* bis 10 12 Ohm cm bei 25°C aufweist. 

45 5. Formulierung nach Anspruch 4, bei welcher die ophthalmisch aktive Substanz aus einem 
chemotherapeutischen Mittel, aus einer Verbindung zur Erleichterung der Augenuntersuchung oder aus 
einer Verbindung der Erleichterung eines chirurgischen Eingriffs besteht. 

6. Formulierung nach Anspruch 5, bei welcher die ophthalmisch aktive Substanz ausgewahlt ist aus: 
(a) antiinflammatorischen Mitteln, wie z.B. Prednisolon oder andere Corticosteroide; 

so (b) antimikrobiellen Wirkstoffen, wie z.B. Antibiotika, Antiseptika, Antivirenmittel, Fungicide und 
Sulfonamide, beispielsweise Chloramphenicol, Sulfacetamid, Gentamycin, Nystatin, Acyclovir und 
Idoxuridin; 

(c) automomischen Mitteln, wie z.B. P-Adrenoceptorantagonists, cycloplegische Mittel, miotische 
Mittel, mydriatische Mittel und Vasoconstriktoren, beispielsweise Timolol, Atenolol, Pilocarpin, Atropin, 

55 Tropicamid, Hyoscin, Ephedrin, Phenylephrin, Carbachol, Guanethidin und Adrenalin; 

(d) Lokalanaesthetica, wie z.B. Lignocain oder Oxybuprocain; 

(e) diagnostischen Mittel, wie z.B. Fluorescein; 

(f) Mitteln zur Unterstutzung der Heilung von Cornealabrasionen, wie z.B. Urogastron und 
epidermischer Wachstumsfaktor (EGF); und 

60 (g) Mitteln zur Verwendung bei diabetischer Retinopathie, wie z.B. Aldosereductaseinhibitoren 
beispielsweise Sorbinil und 3-(4-Bromo-2-fluorobenzyl)-4-oxo-3H-phthalazin-1-yl-essigsaure. 

7. Formulierung nach Anspruch 6, bei welcher die Menge des gegebenfalls anwesenden Wasers nicht 
mehr als 20 Gew.% des gesamten Verdiinnungsmittels ausmacht. 

8. Formulierung nach Anspruch 4, bei welcher das ophthalmisch aktive organische Verdunnungsmittel 
65 ausgewahlt ist aus Dimethylisosorbid, Glycerin, Propylenglycol, Polyethylenglycol mit durchschnittlichem 
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Molekulargewicht bis zu 600, Maisdl und ErdnuBol, gegebenenfalls in Kombination mit 
polyethoxyethylierten Rizinusolen, Polyoxyethylen/Polyoxypropylen-Blockcopolymeren, 

Polyoxyethylensorbitan-Derivaten, Polyoxyethylenoleyl-ethern, Rizinusol und Olivenol. 

9. Elektrodynamische Spriihvorrichtung fur die Abgabe einer fliissigen Ldsungsformulierung nach 
5 Anspruch 1, mit mindestens einer Spruhduse (15, 31) und mit einer Einrichtung (12, 37) zum Antegen einer 

Potentialdifferenz zwischen den Spruhduse (15, 31) und einer Elektrode (10, 35), die im Abstand von der 
Spruhduse (15, 31) angeordnet ist, so dafc ein elektrisches Feld ausreichender GroBe am AuslaB (17, 32) der 
Spruhduse (15, 31) erzeugt wird, daB die Formulierung vom AuslaB (17, 32) in Form eines oder mehrerer 
Ligamente abgezogen wird, dadurch gekennzeichnet, daB die Vorrichtung folgendes aufweist: ■ * 
w (i) mindestens eines Spruhduse (15, 31) mit einem AuslaB eines ausreichend kleinen Querschnitts, daB 

darin bis zu 20 ul der Formulierung durch Oberflachenspannung festgehalten werden; und 

(ii)eine Einrichtung (15, 40) fur dieZufuhrung gesonderter abgemessener kleiner Dosen bis zu 20 pi der 
Formulierung zur Spruhduse (15, 31). 

10. Vorrichtung nach Anspruch 9, bei welcher das abgemessene Volumen der Formulierung der 
j 5 Spruhduse (15, 31) durch ein MeBventil zugefuhrt wird. 

1 1. Vorrichtung nach Anspruch 9, bei welcher das abgemessene Volumen der Formulierung durch eine 
Spritzenpumpe (40) zugefuhrt wird. 

12. Vorrichtung nach Anspruch 9, bei welcher das abgemessene Volumen der Formulierung dadurch 
zugefuhrt wird, daB in die Spruhduse (15, 31) die gewunschte Menge aus einer auBeren Quelle mit Hilfe 

20 einer Pipettenwirkung eingezogen wird. 

13. Vorrichtung nach Anspruch 9, bei welcher das abgemessene Volumen der Formulierung in einer 
abnehmbaren Spruhduse (1 5) enthalten ist, die auf ein entsprechendes Aufnahmeteil (2) in der Vorrichtung 
aufsetzbar ist. 

14. Vorrichtung nach einem der Anspruche 9 bis 13, bei welcher die Einrichtung, welche einen 
25 FlCissigkeitsstrom durch die Spitze der Spruhduse (15, 31) veranlaBt, gleichzeitig den 

Hochspannungsgenerator (12, 37) der elektrodynamischen Spruhvorrichtgung aktiviert, welcher eine 
Hochspannung zur Atomisierung der Formulierung liefert. 

15. Vorrichtung nach einem der Anspruche 9 bis 14, bei welcher Batterien fur den 
Hochspannungsgenerator in der Vorrichtung angeordnet sind, die so dimensioniert ist, daB sie von Hand 

30 gehalten werden kann. 

16. Vorrichtung nach einem der Anspruche 9 bis 15, bei welcher die Spruhduse auf ein Potential 
zwischen 1 und 20 kV aufgeladen werden kann und welche eine Feldsteuerelektrode (10, 35) mit 
Erdpotential aufweist, die in Nachbarschaft zur Spruhduse (15, 31) angeordnet ist. 

17. Vorrichtung nach Anspruch 9 mit einem Korper (1), der so dimensioniert ist, daB er in der Hand 
35 gehaiten werden kann, mit einer konischen Aufnahme (2) in einer Wandung desselben, deren Ende (3) den 

AuslaB eines Rohrs (4) bildet, das sich zentral durch die konische Aufnahme (2) und durch den Korper (1) 
erstreckt und einen EinlaB (5) in einer anderen Wandung des Korpers (1) aufweist, wobei der EinlaB (5) 
einen Kolben (7) aufnimmt und wobei der Korper (1) auch eine Feldsteuerelektrode (10) tragt, die das Ende 
(3) der Aufnahme (2) umgibt, und wobei weiterhin der Korper einen Hochspannungsgenerator (12) enthalt, 

40 von dem eine Leitung (13) sich nach auBen durch die Offnung im Ende der Aufnahme (2) erstreckt und der 
eine Hochspannung zur Leitung (13) fuhren kann, wenn der Kolben (7) betattgt wird; und mit einer 
abnehmbaren hohlen Spruduse (15) mit im allgemeinen konischer Form, die mit der Aufnahme (2) 
zusammenarbeiten kann und die an der Spitze eine kleine Offnung (17) aufweist, welche bis zu 20 ul einer 
flussigen Ldsungsformulierung nach Anspruch 4, durch Oberflachenspannung festhalten kanri. 

45 18. Vorrichtung nach Anspruch 9, mit einem Korper (30), der so dimensioniert ist, daB er m der Hand 
gehalten werden kann, und der in seiner Wandung mit einer Spruhduse (31) ausgerustet ist, deren Ende 
(32) der Austritt eines Rohrs (33) ist, das sich zentral durch die Spruhduse (31 ) und den Korper (30) zu einer 
Spritze (34) erstreckt, die einen Teil einer Spritzenpumpe (40) bekannter Art bildet, welche die Spritze (34) 
und eine Minipumpe (41) aufweist, deren Betatigung auch einen Hochspannungsgenerator (37) aktiviert, 

so der innerhalb des Korpers (30) angeordnet ist und von dem eine Leitung (38) sich zur Offnung (39) der 
Spruhduse (32) erstreckt, wobei der Korper (30) auch eine Feldsteuerelektrode in Form eines Rings (35) 
tragt, der das Ende (32) der Spruhduse (31) umgibt. 

Revendications 

55 

1 . Procede de production d'un jet pulverise de gouttelettes, chargees electriquement d'une formulation 
comprenant une substance douee d'activite ophtalmique et un diluant acceptable du point de vue 
opthalmique, pour une administration oculaire ulterieure, formulation ayant une viscosite comprise dans 
I'intervalle de 10~ 3 a 1,0 Pa.s (a 25°C) et une resistivite comprise dans I'intervalle de 10 4 a 10 12 ohms.cm (a 

60 25°C). la formulation alimentant une buse de pulverisation dans laquelle est applique a la formulation a 
partir d'un generateur a haute tension un potentiel electrique suffisamment fort, par rapport a la terre, pour 
qu'un gradient electrique suffisant soil produit au niveau de la buse pour I'atomisation de la formulation 
sous forme d'un jet pulverise de gouttelettes chargees electriquement. 

2. Procede suivant la revendication 1, dans lequel la buse est chargee d'une dose unitaire de la 
65 formulation a partir d'une source exterieure, pour chaque utilisation. 
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3. Procecte suivant la revendication 1, dans lequel une dose unitaire de la formulation est fournie 
automatiquement a la buse a partir d'un reservoir. 

4. Formulation de solution liquide, destinee a etre utilisee dans le procede suivant la revendication 1, 
renfermant une substance douee d'activite ophtalmique et un diluant acceptable du point de vue 

5 ophtalmique, qui comprend 50% a 100% en poids d'un diluant acceptable du point de vue ophtalmique et 
0% a 50% en poids d'eau, et possede une viscosite comprise dans I'intervalle de 10" 3 a 1,0 Pa.s a 25°C et 
une r^sistivite comprise dans I'intervalle de 10 4 a 10 12 ohms.cm a 25°C. 

5. Formulation suivant la revendication 4, dans laquelle la substance douee d'activite ophtalmique est 
un agent chimiotherapeutique, un compose" destine a faciliter un examen de I'oeil ou bien un compose 

io destine a faciliter une intervention chirurgtcale. 

6. Formulation suivant la revendication 5, dans laquelle la substance douee d'activite ophtalmique est 
choisie entre: 

(a) des agents anti-inflammatoires, tels que la prednisolone et d'autres corticosteroTdes; 

(b) des medicaments antimicrobiens, tels que des antibiotiques, des antiseptiques, des anti viraux, des 
is fongicides et des sulfonamides, par exemple le chloramphenicol, le sulfacetamide, la gentamycine, la 

nystatine, I'acyclovir et I'idoxuridine; 

(c) des medicaments du systeme nerveux autonome, tels que des antagonistes des recepteurs (3- 
adrenergiques, des cycloplegiques, des substances myotiques, des mydriatiques et des vasoconstricteurs, 
par exemple le timolol, I'atenolol, la pilocarpine, J'atropine, le tropicamide, I'hyoscine, I'ephedrine, la 

20 phenylephrine, le carbachol, la guan&hidine et 1'adrenaline; 

(d) des anesthesiques locaux, tels que la lignocame ou I 'oxybu procaine ; 

(e) des substances de diagnostic, telles que la fluorsceine; 

(f) des medicaments destines a faciliter la guerison d'abrasions corneennes, tels que I'urogastrone et le 
facteur de croissance epidermique (EGF); 

25 (g) des medicaments destines a etre utilises dans la retinopathie diabetique, tels que des inhibiteurs de 
I'aldose-reductase, par exemple le sorbinil et I'acide {3-{4-bromo-2-fluorobenzyl)-4-oxo-3tf-phtalazine-1- 
ylacetique. 

7. Formulation suivant la revendication 6, dans laquelle la quantite d'eau, s'il en existe une quantite 
quelconque, ne represente pas plus de 20% en poids du diluant total. 

30 8. Formulation suivant la revendication 4, dans laquelle le diluant organique doue d'activite 
ophtalmique est choisie entre le dimethylisosorbide, le glycerol, le propylene-glycol, un polyethylene- 
glycol ayant un poids moleculaire moyen allant jusqu'a 600, I'huile de mai's et I'huile d'arachide, 
facultativement en association avec des huiles de ricin polyethoxyethylees, des copolymers sequences 
polyoxyethylene-polyoxypropylene, des derives de polyoxyethylene-sorbitanne, des ethers oleyliques de 

35 polyoxyethylene, I'huile de ricin ou I'huile d'olive. 

9. Appareil de pulverisation electrodynamique, destine a distribuer une formulation de solution liquide 
suivant la revendication 1, qui comprend au moins une buse de pulverisation (15, 31), des moyens {12, 37) 
d'application d'une difference de potentiel entre ladite buse de pulverisation (15, 31) et une electrode'(10, 
35) espacee de ladite buse de pulverisation (1 5, 31 ) de sorte qu'un champ electrique suffisamment fort soit 

40 produit a I'orifice de sortie (17, 32) de la buse de pulverisation (15, 31) pour entrainer la formulation hors 
dudit orifice de sortie (17, 32) sous forme d'une ou plusieurs trainees, caracterise en ce qu'il comprend: 

(i) au moins une buse de pulverisation (15, 31) ayant un orifice de sortie de section transversale 
suffisamment faible pour pouvoir y retenir jusqu'a 20 ul de la formulation par la tension superficielle; et 

(ii) des moyens (15, 40) pour forunir de petites doses distinctes, d'un volume d6fini allant jusq'a 20 ul, 
45 de la formulation a ladite buse (15, 31). 

10. Appareil suivant la revendication 9, dans leque! le volume mesure de la formulation est fourni a la 
buse (15, 31) par une valve de dosage. 

1 1 . Appareil suivant la revendication 9, dans lequel le volume mesure de la formuie est fourni par une 
seringue-pompe (40). 

so 12. Appariel suivant la revendication 9, dans lequel le volume mesure de la formuie est fourni par 
aspiration dans la buse (15, 31) de la quantite requise a partir d'une source exterieure par une action de 
pipetage. 

13. Appareil suivant la revendication 9, dans lequel le volume mesur6 de la formulation est contenu 
dans une buse de pulverisation demontable (15) qui peut etre placee sur un element recepteur approprie 

55 (2) dans t'appareil. 

14. Appareil suivant I'une quelconque des revendications 9 a 13, dans lequel les moyens destines a 
amener le liquide a s'ecouler a travers la pointe de la buse de pulverisation (15, 31) actionnent 
simultanement le gSnerateur a haute tension (12, 37) de I'appareil de pulverisation electrodynamique qui 
fournit une haute tension destinee a I'atomisation de la formulation. 

60 15. Appareil suivant I'une quelconque des revendications 9 a 14, dans lequel des piles destinees au 
generateur a haute tension sont plac6es dans I'appareil, qui presente des dimensions convenables pour 
permettre son utilisation en le tenant a la main. 

16. Appareil suivant Tune quelconque des revendications 9 a 15, qui est capable de charger 
electriquement la buse de pulverisation a un potentiel de 1 a 20 kV et qui possede une electrode (10, 35) 

65 
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d'adjustement de champ, au potentiel de la terre, montee en position adjacente a la buse de pulverisation 
(15, 31). 

17. Appareil suivant la revendication 9, comprenant: 

un corps (1), presentant des dimensions permettant de le tenir a la main, avec un element recepteur 
conique (2) dans une de ses parois, dont I'extremite (3) constitue I'orifice de sortie d'un tube (4) passant en 
position centrale a travers I'element conique (2), a travers le corps (1), et ayant un orifice d'admission (5) 
dans une autre paroi dudit corps (1), I'orifice d'admission (5) recevant un piston (7); le corps (1) portant 
egalement une electrode d'adjustement de champ (10) entourant I'extremite (3) de I'element recepteur (2); 
le corps recevant egalement un generateur a haute tension (12), duquel un conducteur (13) s'etend vers 
i'exterieur depuis I'orifice dans I'extremite de I'element recepteur (2) et qui est apte a fournir une haute 
tension au conducteur (13) lorsque le piston (7) est actionne; 

et une buse de pulverisation demontable (15) de forme generalement conique, apte a cooperer avec 
I'element recepteur (2), et qui possede un petit orifice (17) a I'extremite capable de contenir jusqu'a 20 pi 
d'une formulation de solution liquide, suivant la revendication 4, par la tension superficielle. 

18. Appareil suivant la revendication 9, comprenant: 

un corps (30), presentant des dimensions lui permettant d'etre tenu a la main, muni d'une buse (31) 
dans une de ses parois, dont I'extremite (32) constitue I'orifice de sortie d'une tube (33) passant en position 
centrale a travers la buse (31) et a travers le corps (30) jusqu'a une seringue (34) constituant une partie 
d'une seringue-pompe (40) de type connu, comprenant la seringue (34) et une mini-pompe (41), dont le 
fonctionnement actionne egalement un generateur a haute tension (37), loge dans le corps (30), duquel un 
conducteur (38) s'etend jusqu'a I'orifice (39) de la buse (32); ledit corps (30) portant egalement une 
electrode d'adjustement de champ sous forme d'une bague (35) entourant I'extremite (32) de la buse (31). 
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